T h e results of the present work demonstrate that the LOX pathway in tulip bulbs and leaves operates via the 9-LOX and AOS activities. Tulip is the second plant species known to possess predominantly 9-LOX activity in its leaves, along with recently characterized potato leaves [6].
Abstract
T h e action of a crude potato-tuber extract on 9-and 13-hydroperoxides of linoleic and linolenic acids was investigated. HPLC analysis revealed that 5O0/, of the 9-hydroperoxide isomers and almost all the 13-hydroperoxide isomers were rapidly enzymically metabolized. No degradation of fatty acid hydroperoxides was observed with a thermally denatured enzymic extract. GC-MS identification of the volatiles formed by the reaction revealed that no volatiles were detected from the 9-hydroperoxide isomers, whereas 13-hydroperoxide of linolenic acid was cleaved into (Z)-3-hexenal, pentenols or dimers of pentene.
Introduction
Depending on botanical origin and on reaction conditions, plant lipoxygenases can form variable amounts of 13-or 9-hydroperoxides of linoleic or linolenic acid. Fatty acid hydroperoxides can be degraded further in a variety of compounds implicated in essential physiological roles in plants (jasmonic acid, traumatin) or responsible for the characteristic green note odour of plants and fruits (C, or C, aldehydes and alcohols) [l] .
Four main fatty acid hydroperoxide-decomposing activities are described : allene oxide synthase catalyses the conversion of fatty acid hydroperoxides into allene oxides, precursors of a-and y-ketols and of jasmonic acid (from 13-hydroperoxide of linolenic acid) [2] . Peroxigenase and epoxigenase cause epoxidation of fatty acid hydroperoxides [3, 4] . Divinyl ether synthase transforms fatty acid hydroperoxides into fatty acid divinyl ethers [5, 6] . Finally, hydroperoxide lyase cleaves fatty acid hydroperoxides into alde-Biochemical Society Transactions 2000 Volume 28, part 6 hydes, alkanes or alcohols and 0x0-acids. We investigated here the conversion of fatty acid hydroperoxides by a crude extract of potato tubers.
Results
9-and 13-hydroperoxides of linoleic and linolenic acid were synthesized using respectively potato and soya bean lipoxygenases. T h e fatty acid hydroperoxides were extracted and purified using a C,, microcolumn. T h e purity, controlled by HPLC analysis, was higher than 95 yo for the four fatty acid hydroperoxides synthesized. Potato tubers (Bintje) were crushed in a Waring blender with a buffer containing 0.2% (w/v) Triton X-100. T h e extract was agitated on ice and centrifuged. T h e supernatant was used as the crude extract for the experiments. Crude extracts were incubated for 15 min at room temperature with, respectively, the 13-and 9-hydroperoxides of linoleic and linolenic acid. An aliquot was taken for direct HPLC analysis to determine the amount of hydroperoxides consumed. The 13 -hydroperoxides of linoleic and linolenic acid were almost completely degraded by the potato extract, whereas 50% of the 9-hydroperoxides of linoleic and linolenic acid remain in the reaction medium after the reaction. T h e enzymic nature of the reaction was confirmed by performing the experiments in the same conditions with the crude extract thermally denatured. In those conditions, no decomposition of fatty acid hydroperoxides was observed. Volatile compounds potentially present after reaction were extracted by diethyl ether. T h e extract was submitted to GC-MS analysis for identification. T h e extract obtained from the reaction of 9-hydroperoxides of linoleic and linolenic acid with the crude extract contained no volatile compounds under our experimental conditions.
On the other hand, the following compounds were identified in the extract resulting from the action of potato extract on 13-hydroperoxide of linolenic acid : (Z)-3-hexenal, dimers of pentene (seven isomers), 2-penten-1 -01 and 1 -penten-3-01. In the extract obtained with 13-hydroperoxide of linoleic acid, hexanal and pentan-1 -01 were identified. No volatile compounds were identified when a thermally denatured extract was used. T h e identification of volatile compounds was realized on the basis of mass spectrum and by comparison with original molecules when commercially available. A crude extract of potato tubers was prepared under the conditions described above but omitting the detergent Triton X-100. T h e reaction of this extract with 13-hydroperoxide of linolenic acid formed dimers of pentene, 2-penten-1 -01 and 1-penten-3-01 but no (Z)-3-hexenal.
Discussion
T h e results presented here show that a crude potato-tuber extract can metabolize the four isomers of fatty acid hydroperoxide; the 13-isomers are completely transformed while the 9-isomers are only partially degraded. This last result is astonishing because in potato tubers, 95% of isomers formed by lipoxygenase are 9-isomers [7] . T h e volatile compounds formed from the 13-isomers are typical of two different enzymic mechanisms. T h e first one is due to hydroperoxide lyase and furnishes (Z)-3-hexenal and hexanal, respectively, from 13-hydroperoxides of linolenic and linoleic acid. Hydroperoxide lyase is a membrane-bound enzyme and it is logical that its activity is not found in an extract obtained without detergent [8]. T h e formation of dimers of pentene and of C, alcohols is due to homolytic cleavage of fatty acid hydroperoxides, but the enzymes responsible for the reaction were not clearly identified. T h e homolytic cleavage is usually described in mushrooms and in algae but the products have also been identified in olive oil 191 and in soya bean [10, 11] . In soya bean, two hypotheses are proposed : the cleavage is either due to a soluble homolytic hydroperoxide lyase [ l l ] or is a secondary reaction of lipoxygenase [ 101. Further investigations are being undertaken to determine if lipoxygenase is responsible for the homolytic cleavage or if another enzyme is implicated. T h e identification of non-volatile products formed from 9-hydroperoxides is also in progress : ketols and divinyl ether fatty acids are potential metabolites formed respectively by allene oxide synthase and divinyl ether synthase.
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